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57 ABSTRACT 

A modulating method, a modulating device and a demodu 
lating device, in which it is possible to improve the digital 
sum value (DSV) of the coded information, modulated for 
transmission or recording on the recording medium, are 
disclosed. An encoding circuit 11 translates a sequence of 
input data into a sequence of coded data suitable for trans 
mission. A pattern generating circuit 12 generates a pattern 
of a pre-set length at a pre-set interval inversely proportion 
ate to the low-range cut-off frequency of the modulated 
coded data. A pattern inserting circuit 13 inserts the patterns 
into the sequence of coded data A at the pre-set interval. A 
modulating circuit 14 NRZI modulates the pattern-inter 
laced sequence of the coded data B and outputs the resulting 
sequence. A timing control circuit 15 controls the pattern 
inserting circuit 13 an so forth. The DSV of the modulated 
coded data may be controlled by the inserted patterns, while 
the increase in redundancy may be maintained at a necessary 
minimum value to adapt the DSV control characteristics to 
the specifications demanded by the transmission system. 

30 Claims, 6 Drawing Sheets 
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1. 

MODULATING METHOD, MODULATING 
DEVICE AND DEMODULATING DEVICE 

DETALED DESCRIPTION OF THE 
INVENTION 

1. Field of the Invention 
This invention relates to a modulating method, a modu 

lating device and a demodulating device in which it is 
possible to improve the digital sum value (DSV) of the 
coded information, modulated for transmission or recording 
on the recording medium. 

2. Prior Art 

When transmitting the information or recording the infor 
mation on a recording medium, such as a magnetic tape, a 
magnetic disc of an optical disc, the information is encoded 
and modulated for transmission of recording, and the result 
ing coded and modulated information is transmitted. Mean 
while, in order to prevent errors from being produced due to 
fluctuations in the reference level incurred when converting 
the playback signals into hi-level of digital signals during 
reproduction, or to prevent fluctuations in various error 
signals, such as tracking error signals employed for servo 
control e.g. of disc devices, it is mandatory that the coded 
modulated information be free of dc components. 
The digital sum value, which is the sum of data symbols 

“1” and "O' since the start time of the sequence of coded and 
modulated information, with the data symbols “1” and “0” 
being set to +1 and -1, respectively, represents a measure for 
evaluation of the dc components in the sense that, if the 
absolute value of the DSV is small, the amount of dc 
components or the low-range components is small. 

Consequently, DSV control is performed in the modula 
tion systems, such as 8 to 10 modulation system employed 
in a digital audio tape recorder (DAT), 8 to 14 modulation 
system employed in a compact disc (CD) player or a Miller 
° (Miller square) modulation system employed in a magnetic 
disc device, for reducing the absolute value of the DSV in 
the wake of the non-return-to-zero (NRZ) modulation which 
is the so-called mark position modulation or the non-return 
to-zero inverted (NRZI) modulation which is the mark 
length modulation. 
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Problem to be Solved by the Invention 
In other words, in these modulation systems, the DSV 

control characteristics are set unequivocally to render it 
difficult to adapt the DSV control characteristics to the 
demands raised by the transmission system or to the record 
ing/reproducing system. For example, it has been a frequent 
occurrence that the DSW control characteristics fail to meet 
the demands raised by the transmission system, or con 
versely, the DSV control characteristics more than meet the 
demands raised by the transmission system, that is, manifest 
excess redundancy. 
On the other hand, in the general codes, such as the 

so-called (d, k; m, n, r) code having the minimum run of Os 
equal to d and the maximum run of Os equal to k, which 
code represents a fixed length code or the variable length 
code for r=1 or ra1, respectively, the DSV control is not 
made, so that errors are likely to be produced due to the dc 
components. Although it is possible to design the code to 
take account of the DSV control characteristics, the number 
of control items and redundancy tend to be increased. 
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2 
In view of the above-depicted problems of the prior art, it 

is an object of the present invention to provide a modulating 
method, a modulating device and a decoding device wherein 
the increase in redundance may be maintained at a necessary 
minimum value for the codes not taking account of DSV 
control in order to enable the DSV control to be made to 
meet the demands raised by the transmission system. 

Means to Solve the Problem 

For accomplishing the above object, the first modulating 
method according to the present invention consists in insert 
ing patterns each having a pre-set length into a sequence of 
coded data at a pre-set interval, and NRZI modulating the 
sequence of coded data interlaced with the patterns for 
outputting the DSV controlled modulated code. 
The second modulating method according to the present 

invention consists in inserting a pattern having a length 
equal to 2 (d+1) bits at a pre-set interval into a sequence of 
(d, k) coded information, and NRZI modulating the 
sequence of (d, k) coded information interlaced with said 
patterns for outputting the DSV controlled modulated coded 
information, 
The third modulating method according to the present 

invention, related to the first or second modulating method, 
consists in that the pre-set interval is of a value inversely 
proportional to the low-range cut-off frequency of the modu 
lated coded information. 

The fourth modulating method according to the present 
invention, related to the first or second modulating method, 
consists in that the patterns comprise three different patterns, 
that is a pattern with 0"1", a pattern 1 “1” and a pattern with 
2 “1's. 
The fifth modulating method according to the present 

invention related to the third modulating method consists in 
that the patterns comprise three different, patterns, that is a 
pattern with 0 "1", a pattern with 1 "1" and a pattern with 
2 “1's. 
The sixth modulating method according to the present 

invention related to the fourth modulating method comprises 
summing the DSV upstream of a currently inserted pattern 
to the DSV of a sequence of coded information between the 
currently inserted pattern and a pattern to be inserted next 
time and selectively inserting one of said three different 
patterns which will give the smallest absolute sum value. 
The seventh modulating method according to the present 

invention related to the fifth modulating method comprises 
summing the DSW upstream of a currently inserted pattern 
to the DSW of a sequence of coded information between the 
currently inserted pattern and a pattern to be inserted next 
time and selectively inserting one of the three different 
patterns which will give the smallest absolute sum value. 
The first modulating method according to the present 

invention comprises pattern inserting means for inserting 
patterns each being of a pre-set length into a sequence of 
coded information, and modulating means for NRZI modu 
lating the sequence of coded information interlaced with the 
patterns from the pattern inserting means, wherein the 
modulating means outputs the sequence of DSV controlled 
modulated coded information. 
The second modulating method according to the present 

invention comprises pattern inserting means for inserting 
patterns each being of a length equal to 2(d+1) bits into a 
sequence of (d, k) coded information at a pre-set interval, 
and modulating means for NRZI modulating the sequence of 
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(d, k) coded information interlaced with the patterns from 
the pattern inserting means, wherein the modulating means 
outputs the DSV controlled modulated coded information. 
The third modulating device according to the present 

invention, related to the first or second modulating device, is 
so designed that the pattern inserting means insert the 
patterns at a pre-set interval inversely proportional to the 
low-range cut-off frequency of said modulated code infor 
mation. 
The fourth modulating device according to the present 

invention, related to the first or second modulating device, is 
so designed that the pattern inserting means select and insert 
one of three different patterns, that is a pattern with 0 “1”, 
a pattern with 1 “1” and a pattern with 2 '1's. 
The fifth modulating device according to the present 

invention, related to the third modulating device, is so 
designed that the pattern inserting means select and insert 
one of three different patterns, that is a pattern with 0 "1", 
a pattern with 1 "1" and a pattern with 2 "1's. 
The sixth modulating device according to the present 

invention, related to the fourth modulating device, com 
prises control means for causing the pattern inserting means 
to sum the DSV upstream of a currently inserted pattern to 
the DSV of a sequence of coded information between the 
currently inserted pattern and a pattern to be inserted next 
time and to selectively insert one of the three different 
patterns which will give the smallest absolute sum value. 
The seventh modulating device according to the present 

invention, related to the fifth modulating device, comprises 
control means for causing the pattern inserting means to sum 
the DSV upstream of a currently inserted pattern to the DSV 
of a sequence of coded information between the currently 
inserted pattern and a pattern to be inserted next time and to 
selectively insert one of the three different patterns which 
will give the smallest absolute sum value. 
A demodulating device according to the present invention 

comprises demodulating means supplied with a sequence of 
modulated coded information previously interlaced with 
pre-set length patterns at a pre-set interval and subsequently 
NRZI modulated with DSV control, the demodulating 
means NRZI demodulating the sequence of modulated 
coded information and reproducing the sequence of coded 
information interlaced with the patterns, and pattern remov 
ing means for removing the patterns from the sequence of 
coded information interlaced with the patterns from the 
demodulating means for reproducing the original sequence 
of coded information. 
The eighth modulating method according to the present 

invention comprises inserting patterns each being of a length 
equal to 2 (d+1) bits into a sequence of (d, k) coded 
information at a pre-set interval, NRZI modulating the 
Sequence of (d, k) coded information interlaced with the 
patterns from the pattern inserting means, and outputting the 
sequence of DSV controlled modulated coded information, 
with the patterns being selected on the basis of (d+1) bits 
preceding and following insertion of the patterns. 

The ninth modulating method according to the present 
invention, related to the eighth modulating method, com 
prises selecting the patterns on the basis of (d+1) bits 
directly following the pattern if 1 is not presentin (d+1) bits 
directly preceding the insertion of the patterns and 1 is 
present in the (d+1) bits directly following the insertion of 
the patterns, and selecting the patterns on the basis of the 
(d+1) bits directly preceding the pattern if 1 is present in the 
(d+ 1) bits directly preceding the insertion of the patterns 
and 1 is not present in the (d+1) bits directly following the 
insertion of the patterns. 
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4 
The tenth modulating device according to the present 

invention, related to the eighth or ninth modulating device, 
is so designed that, if 1 is not present in the (d+1) bits 
immediately preceding the inserted pattern nor in the (d+1) 
bits immediately following the inserted pattern, the pattern 
is set to a first inverting pattern in which only the (d+1)th bit 
as counted from the least significant bit as the first bit is 1 
or to a first non-inverting pattern having two "1's and 
satisfying the coding rule of said (d, k) code; if 1 is not 
present in the immediately preceding (d+1) bits and 1 is 
present in the immediately following (d+1) bits, the pattern 
is set to a second inverting pattern having its upper (d+1)bits 
equal to the immediately following (d+1) bits and having its 
lower (d+1) bits all 0, or to a second non-inverting pattern 
in which the immediately following (d+1) bits are repeated 
twice; if 1 is present in the immediately preceding (d+1) bits 
and 1 is not present in the immediately following (d+1) bits, 
the pattern is set to a third inverting pattern having its upper 
(d+1) bits all 0 and having its lower (d+1) bits equal to the 
immediately preceding (d+1) bits or to a third non-inverting 
pattern in which the immediately preceding (d+1) bits are 
repeated twice; and, if 1 is present in both of the immediately 
preceding (d+1) bits and the immediately following (d+1) 
bits, the pattern is set to the first inverting pattern or a fourth 
non-inverting pattern consisting of the immediately preced 
ing (d+1) bits and the immediately following (d+1) bits. 
The eleventh modulating method according to the present 

invention, related to the tenth modulating method, is so 
designed that, if the relation 2d<k<(2d-1) holds, the fourth 
non-inverting pattern is selected on the basis of d/2 bits, d 
being an even number, preceding and following the insertion 
of the pattern, or (d+1)/2 bits, d being an odd number, 
preceding and following the insertion of the pattern. 
The twelfth modulating device according to the present 

invention, related to the tenth or eleventh modulating device, 
comprises summing the DSV upstream of a currently 
inserted pattern to the DSV of a sequence of coded infor 
mation between the currently inserted pattern and a pattern 
to be inserted next time and selecting the inverting patterns 
or the non-inverting patterns so that the absolute sum value 
becomes the least. 

Operation 

In the first modulating method, the patterns each being of 
a pre-set length are inserted at pre-set intervals into a 
sequence of coded information and subsequently NRZI 
modulated to output DSV controlled modulated coded infor 
mation. 

In the second modulating method, the patterns each being 
of a length equal to 2 (d+1) are inserted at pre-set intervals 
into a sequence of 2 (d+1) coded information and subse 
quently NRZI modulated to output DSV controlled modu 
lated coded information. 

In the third modulating method, related to the first or 
second modulating method, the pre-set interval is set to a 
value inversely proportional to the low-range cut-off fre 
quency of the modulated coded information. 

In the fourth modulating method, related to the first or 
second modulating method, the patterns are three different 
patterns, that is a pattern with 0"1", a pattern with 1 “1” and 
a pattern with 2 “1's. 

In the fifth modulating method, related to the first or 
second modulating method, the patterns are three different 
patterns, that is a pattern with 0"1", a pattern with 1 “1” and 
a pattern with 2 '1's. 
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In the sixth modulating method, related to the fourth 
modulating method, the DSV upstream of the currently 
inserted pattern is summed to the DSV of the sequence of 
coded information between the currently inserted pattern 
and the pattern to be inserted next time, and one of the three 
different patterns which will give the smallest absolute sum 
value is selected and inserted. 

In the seventh modulating method, related to the fifth 
modulating method, the DSV upstream of the currently 
inserted pattern is summed to the DSV of the sequence of 
coded information between the currently inserted pattern 
and the pattern to be inserted next time, and one of the three 
different patterns which will give the smallest absolute sum 
value is selected and inserted. 

In the first modulating device, the patterns each being of 
a pre-set length are inserted into a sequence of coded 
information at pre-set intervals and subsequently NRZI 
modulated for outputting DSV controlled modulated coded 
information. 

In the second modulating device, the patterns each being 
of a length equal to 2(d+1) bits are inserted into a sequence 
of (d, k) coded information at pre-set intervals and subse 
quently NRZI modulated for outputting DSV controlled 
modulated coded information. 

In the third modulating device, related to the first or 
second modulating device, the pre-set interval is set to a 
value inversely proportional to the low-range cut-off fre 
quency of the modulated coded information. 

In the fourth modulating device, related to the first or 
second modulating device, the patterns are three different 
patterns, that is a pattern with 0"1", a pattern with 1 “1” and 
a pattern with 2 '1's. 

In the fifth modulating device, related to the third modu 
lating device, the patterns are three different patterns, that is 
a pattern with 0“1”, a pattern with 1 “1” and a pattern with 
21's. 

In the sixth modulating method, related to the fourth 
modulating method, the DSV upstream of the currently 
inserted pattern is summed to the DSV of the sequence of 
coded information between the currently inserted pattern 
and the pattern to be inserted next time, and one of the three 
different patterns which will give the smallest absolute sum 
value is selected and inserted. 

In the seventh modulating method, related to the fifth 
modulating method, the DSV upstream of the currently 
inserted pattern is summed to the DSV of the sequence of 
coded information between the currently inserted pattern 
and the pattern to be inserted next time, and one of the three 
different patterns which will give the smallest absolute sum 
value is selected and inserted. 

In the demodulating device, the modulated coded infor 
mation is NRZI demodulated to reproduce the sequence of 
coded information interlaced with the patterns, and the 
patterns are removed from the sequence of coded informa 
tion to reproduce the original sequence of coded informa 
tion. 

In the eighth modulating method, the patterns each being 
of a length of 2(d+1) bits are inserted into a sequence of (d, 
k) coded information at pre-set intervals and subsequently 
NRZI modulated to output DSV controlled modulated coded 
information, in which the patterns are selected on the basis 
of (d+1) bits preceding and following the pattern insertion. 
The ninth modulating method, related to the eighth modu 

lating method, comprises selecting the patterns on the basis 
of (d+1) bits directly following the pattern if 1 is not present 
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6 
in (d+1) bits directly preceding the insertion of the patterns 
and 1 is present in the (d+1) bits directly following the 
insertion of said patterns, and selecting the patterns on the 
basis of the (d+1) bits directly preceding the pattern if 1 is 
present in the (d+1) bits directly preceding the insertion of 
the patterns and 1 is not present in the (d+1) bits directly 
following the insertion of the patterns. 

In the tenth modulating method, related to the eighth or 
ninth modulating method, the patterns are set to the first 
inverting pattern or to the first non-inverting pattern if 1 is 
not present in (d+1) bits immediately preceding the inserted 
pattern nor in (d+1) bits immediately following the inserted 
pattern, and the patterns are set to the second inverting 
pattern or to the second non-inverting pattern if 1 is not 
present in the immediately preceding (d+1) bits nor in the 
immediately following (d+1) bits, while the patterns are set 
to the third inverting pattern or to the third non-inverting 
pattern if 1 is present in the immediately preceding (d+1) 
bits and is not present in the immediately following (d+1) 
bits, and the patterns are set to the first inverting pattern or 
to the fourth non-inverting pattern if 1 is present in both the 
immediately preceding (d+1) bits and the immediately fol 
lowing (d+1) bits. 

In the eleventh modulating method, related to the tenth 
modulating method, if the relation 2d<k<(2d-1) holds, the 
fourth non-inverting pattern is selected on the basis of d/2 
bits, d being an even number, preceding and following the 
insertion of the pattern, or (d+1)/2bits, d being an odd 
number, preceding and following the insertion of the pattern. 

In the twelfth modulating method, related to the tenth or 
eleventh modulating method, the DSW upstream of a cur 
rently inserted pattern is summed to the DSV of a sequence 
of coded information between the currently inserted pattern 
and a pattern to be inserted next time and the inverting 
patterns or the non-inverting patterns are selected so that the 
absolute sum value becomes the least. 

Embodiments 

Referring to the drawings, preferred embodiments of the 
modulating method, modulating apparatus and the demodu 
lating apparatus are explained in detail. FIG. 1 shows, in a 
block diagram, the circuit construction of essential parts of 
a modulating device embodying the present invention. 
The modulating device comprises an encoding circuit 11 

for translating a sequence of input data into an encoded 
sequence suited to transmission, and a pattern generating 
circuit 12 for generating a pattern of a pre-set length at a 
pre-set interval. The modulating device also comprises a 
pattern inserting circuit 13 for inserting the patterns from the 
pattern generating circuit 12 at the pre-set interval, a modu 
lating circuit 14 for non-return to zero inverted (NRZI) 
modulating the sequence of input coded data interlaced with 
the patterns inserted by the pattern inserting circuit 13 and 
outputting the modulated data, and a timing control circuit 
15 for controlling the pattern-inserting circuit 13, as shown 
in FIG. 1. 

With the present modulating apparatus, the sequence of 
input data is translated into a sequence of coded data A 
suited for transmission or recording, and patterns each 
consisting of Tbits providing a pre-set length are inserted 
into the sequence of encoded data, as shown in FIG. 2. The 
sequence of encoded data interlaced with the inserted pat 
terns B is NRZI modulated to output so-called digital sum 
value (DSV) controlled modulated coded data. 

Specifically, the encoding circuit 11 translates the 
sequence of input data into the sequence of coded data A in 
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accordance with the coding rule suited to transmission or 
recording. For example, the circuit 11 translates the 
sequence of input data into data coded by the so-called (d, 
k; m, n, r) code in which the minimum run of "0's is d and 
the maximum run of "0's is k. Specifically, the encoding 
circuit 11 encodes the sequence of input data based on 
coding rules not taking account of the DSV control, such as 
the so-called modified frequency modulation (MFM) which 
e.g. is the (1,3; 1, 2; 1) code, the so-called RLL (2,7) 
modulation, which is the (2,7; 1, 2, 1) coding as shown in 
the following Table 1, or the (4, 22; 2,5; 5) coding as shown 
in the following Table 2. Thus the sequence of coded data 
which is not DSV controlled is outputted by the encoding 
circuit 11. 

TABLE 

data words code words 

000 000100 
10 01.00 
010 100100 
O010 00100100 
11 1000 
011 001000 
O011 0000000 

TABLE 2 

data words code words 

i- 11 00000 
10 10000 

1111 0000 00001 00000 
i 011 01.000 00000 

0110 0000 00000 
01.01 00010 00000 
000 0000 00000 

is3 001111 01.000 01000 00000 
001110 01000 00100 00000 
001101 01.000 00010 00000 
001100 01.000 00001 00000 
001011 00010 00001 00000 
001010 0000 00100 00000 
00100 00100 00010 00000 
001000 00100 00001 00000 
00011 00010 0000 00000 

i-4 00011011 0000 01.000 01000 00000 
0001100 0000 01.000 00100 00000 
0001100 0000 01.000 0000 00000 
00011000 01000 01.000 00001 00000 
0001011 0000 0000 00001 00000 
00010110 01.000 OO100 00100 00000 
00010101 01.000 00100 00010 00000 
00010100 01.000 00100 0000 00000 
O0010011 01.000 00010 00010 00000 
00010010 00100 00100 00100 00000 
00010001 00100 00100 00010 00000 
00010000 00100 00100 00001 00000 
00001111 0000 00001 00001 00000 
00001110 0000 0000 00001 00000 
00001101 00100 O0010 00010 00000 
00001100 00100 00010 00001 00000 
00001011 01.000 0000 00001 00000 
00001010 00001 0000 00001 00000 
00001001 0000 00010 00010 00000 
00001000 00010 00010 00001 00000 

i=5 000001111 01000 O1000 01000 01.000 00000 
0000011110 01000 O1000 01000 O0100 00000 
0000011101 01000 01000 01000 00010 00000 
0000011100 01000 O1000 01000 00001 00000 
0000011011 01000 O1000 00010 0000 00000 
0000011010 01000 01.000 : 00100 00100 00000 
0000011001 01000 01.000 00100 O0010 00000 
0000011000 01000 01000 00100 0000 00000 
0000010111 01000 01.000 00010 00010 00000 
0000010110 01000 00100 00100 00100 00000 
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TABLE 2-continued 

data words code words 

0000010101 01000 00100 0000 00010 00000 
0000010100 0000 0000 00100 0000 00000 
0000010011 01000 0000 00001 0000 00000 
000000010 01000 0000 00001 0000 00000 
00000000 01000 0000 0000 00:010 00000 
000000000 01000 00100 0000 00001 00000 
0000001111 01000 O1000 00001 00001 00000 
000000110 01000 00001 00001 00001 00000 
0000001101 01000 OOO10 00010 00:010 00000 
0000001100 01000 00010 00010 00001 00000 
0000001011 00100 00100 00010 0000 00000 
00000000 00100 OO100 00100 00100 00000 
000000001 00100 OO100 0000 0000 00000 
000000000 00100 00100 0000 00001 00000 
000000011 00100 O0100 00010 00001 00000 
0000000110 00100 00100 00001 00001 00000 
0000000101 00100 00010 00010 0000 00000 
0000000100 00100 00010 00010 0000 00000 
000000001 00100 0000 00001 00001 00000 
0000000010 00010 00010 00001 00001 00000 
0000000001 00010 00010 00010 00010 00000 
0000000000 00010 O0010 00010 0000 00000 

00010 0000 00001 00001 00000 
00001 00001 00001 0000 00000 

SYNC for mod2t04d5 
ASYNC 23T 21T 6T 
BSYNC 21T 23T 6T 

The pattern generating circuit 12 generates patterns con 
sisting of Tbits at pre-set intervals each consisting of T 
bits based on the sequence of coded data Asupplied from the 
encoding circuit 11. The pattern inserting circuit 13 inserts 
the patterns each consisting of T bits supplied from the 
pattern generating circuit 12 at the pre-set intervals T. 
into the sequence of coded data A supplied from the encod 
ing circuit 11 for generating the sequence of coded data B. 
The modulating circuit 14 NRZI modulates the sequence of 
coded data B supplied from the pattern inserting circuit 13 
for generating the modulated coded data which are output 
ted. Synchronizing signals and so forth are appended to the 
coded modulated data which are transmitted or recorded. 

Meanwhile, the coded modulated data outputted from the 
modulating circuit 14 has its logic inverted downstream of 
the inserted pattern, that is "0" and "1" in the data are 
inverted to "1" and "0", respectively, if the number of "1's 
in the inserted pattern is an odd number, whereas the logic 
inversion is not incurred if the number of '1's is an even 
number. According to the present invention, the patterns 
inserted into the sequence of coded data A are selected for 
controlling the DSV of the coded modulated data. The 
pattern in which it is possible to minimize an increase in 
redundancy is that in which the number of “1's is 0 or 1. 
Consequently, the above-mentioned pattern generating cir 
cuit 12 generates patterns in which the number of "1's is 0 
or 1. Meanwhile, with the pattern in which the number of 
"1's is 0, the run of consecutive "O's occasionally exceeds 
the maximum run "k', depending on the coding rule 
employed. For such code, the pattern in which the number 
of '1's is two is generated in lieu of the pattern in which the 
number of '1's is 0. That is, the pattern generating circuit 
generates three different patterns, that is the patterns in 
which the number of "1's is 0, 1 and 2. 
On the other hand, if, when the patterns are inserted by the 

pattern inserting circuit 13 at arbitrary positions of the 
sequence of coded data A, the sequence of coded data B is 
to satisfy the (d, k) coding rule, the minimum length, that is 
the pre-set length defined by T. bits, of the pattern having 
the number of "1's equal to 2, and that of the pattern having 
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the number of "1's equal to 1, are respectively given by the 
Following equations 1 and 2: 

Meanwhile, in the equations 1 and 2, S stands for the 
number of consecutive"0's upstream of the inserted pattern, 
and satisfies the condition of 0s Sisk. Therefore, if the (d, 
k) code is employed in the encoding circuit 11, the pattern 
generating circuit 12 generates a pattern consisting of 2 
(d+1)bits. If k-coo, the above-mentioned pattern in which the 
number of "1's is 0 may be employed, in which case the 
pattern having (d+1) bits is generated. 

Specifically, for the (4, 22; 2,5; 5) code, for example, the 
pattern generating circuit 12 selectively generates one of 
patterns "0000000000", "0000100001” or “1000010000", 
referred to herein as even "1" number group patterns, and a 
pattern "0000100000', referred to herein as odd “1” number 
group pattern, these being patterns consisting of 10 (=2x(4+ 
1)) bits. Selection of the patterns is by the algorithm which 
is hereinafter explained. 
The DSV upstream of the pattern b now to be inserted is 

summed to the DSV of a sequence of coded data between the 
pattern b1 and a pattern b to be inserted next time and one 
of the even “1” number group patterns and the odd “1” 
number group pattern is selected so that the absolute value 
of the sum becomes smaller, as shown for example in FIG. 
2. 
On the other hand, selection of one of the even “1” 

number group patterns is so made that, if four consecutive 
"0's are present directly after or before the inserted pattern, 
the patterns "0000100001' or “1000010000” is selected, 
respectively, while the pattern "0000000000” is selected 
otherwise. 

For RLL (2,7) modulation, for example, the pattern 
generating circuit 12 selectively generates one of patterns 
"001001', '100100” or "010010', referred to herein as even 
“1” number group patterns, or patterns “1000000", 
"010000", "001000", "000100", "000010” or “000001", 
referred to herein as odd “1” number group pattern, these 
being patterns consisting of 6 (=2X(2+1)) bits. Selection of 
one of the even “1” number group patterns is so made that, 
if the pattern immediately preceding the inserted pattern 
ends with "1" or the pattern immediately succeeding the 
inserted bit begins with "1", the pattern "001001” or 
"100100” is selected and, if otherwise, the pattern"010010” 
is selected is selected. Meanwhile, there is no limitation as 
to the selection of the odd “1” number group pattern. 
On the other hand, the timing control circuit 15 controls 

the pattern generating circuit 12 and the pattern inserting 
circuit 13 so that the patterns each consisting of T bits are 
inserted into the sequence of coded data A at the pre-set 
intervals Tae. The control is so made that the pre-set 
interval of Tae bits is inversely proportional to the low 
range cut-off frequency of the coded modulated data. Spe 
cifically, if the low range cut-of frequency is f, the low 
range cut-off frequency f. is inversely proportional to the 
pre-Set interval of T bits, as shown by the equation3. The 
timing controlling circuit 15 controls the pattern generating 
circuit 12 and the pattern generating circuit 13 based on the 
ge set interval of Tabits produced based on the equation 

frk (TTa) Equation 3 

Meanwhile, the value of the coefficient K is a value based 
on the coding rule. For the above-mentioned (4, 22; 2,5; 5) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
code and for the RLL (2,7) modulation, K=0.08 and K=0.5, 
respectively. The low-range characteristics for the (4, 22; 2, 
5; 5) coding and for the RLL (2,7) modulation, with the 
(TT) as a parameter, are shown in FIGS. 3 and 4, 
respectively. As shown in FIGS. 3 and 4, the pre-set interval 
represented by T. bits is selected to be smaller and larger 
for the transmission system which is in need of larger 
low-range suppression characteristics and for the transmis 
sion system which is in need of smaller low-range suppres 
sion characteristics, respectively. In other words, the value 
of the pre-set interval represented by the number of T 
bits may be selected so that the DSV control characteristics 
may be adapted to demands raised by the transmission 
system to enable the increase in redundancy to be reduced to 
a required minimum value. 
The patterns generated by the pattern generating circuit 12 

are supplied to the pattern inserting circuit 13 so as to be 
thereby inserted into the sequence of coded data A. As a 
result thereof, the DSV controlled modulated coded data, 
that is the modulated coded data from which the dc com 
ponents or low-frequency components have been suppressed 
or eliminated, are outputted from the modulating circuit 14. 
A preferred embodiment of the demodulating apparatus 

embodying the present invention is explained. 
The demodulating apparatus comprises a demodulating 

circuit 21 for NRZI demodulating modulated signals for 
reproducing the sequence of encoded data interlaced with 
the patterns B, a pattern removing circuit 22 for removing 
the patterns from the sequence of coded data B from the 
demodulating circuit 21 for reproducing the original 
sequence of coded data A, a decoding circuit 23 for decoding 
the sequence of coded data A from the pattern removing 
circuit 22 for reproducing the original sequence of data, a 
SYNC detection circuit 24 for detecting the synchronizing 
signals, and a timing control circuit 25 for controlling the 
pattern removing circuit 22 based on the synchronizing 
signals as detected by the SYNC detecting circuit 24, as 
shown for example in FIG. 5. 
The demodulating circuit 21 is supplied with modulated 

coded data, which are the reception or playback signals 
processed with equalization or bi-level processing, to per 
form NRZI demodulation of the modulated coded data to 
reproduce the sequence of coded data interlaced with the 
patterns corresponding to the outputs of the pattern inserting 
circuit 13 of the above-mentioned demodulating apparatus 
to supply the produced sequence of coded data B to the 
pattern removing circuit 22 and to the SYNC detecting 
circuit 24. That is, since the modulating apparatus performs 
DSV control so that no dc components or low-frequency 
components are contained in the modulated coded data, the 
modulated data freed of errors due to the dc components 
may be supplied to the demodulating circuit 21 to enable the 
sequence of coded data B to be reproduced. 
The SYNC detection circuit 24 detects the synchronizing 

signals, while the timing control circuit 25 detects the 
position of the pattern insertion by counting the reproduced 
clocks based on the detected synchronizing signals to con 
trol the pattern removing circuit 22 based on the detected 
result. 
Under control by the timing control circuit 25, the pattern 

removing circuit 22 removes the patterns from the sequence 
of coded information B interlaced with the patterns consist 
ing of T bits inserted at the intervals of T bits to 
reproduce the sequence of code information A. Since the 
patterns are inserted by the modulating device at the pre-set 
intervals of T, they may be removed easily. 
The decoding circuit 23 decodes the sequence of coded 

information supplied from the pattern removing circuit 22 in 
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accordance with the coding rule employed for transmission 
or recording to reproduce and output the original data. 
With the above-described present embodiment, the 

sequence of coded information A is interlaced at the pre-set 
intervals of T with the patterns having the pre-set lengths 

12 
In addition, by reproducing the sequence of coded infor 

mation B interlaced with the patterns by NRZI demodulation 
of the modulated coded information, and by removing the 
patterns from the sequence of coded information interlaced 

s 
of T bits and is subsequently NRZT modulated to output with the patterns B for reproducing the original sequence of 
DSV controlled modulated coded information. In this man- coded information A, playback may be made in a manner 
ner, the DSV of the modulated code may be controlled based free from errors ascribable to dc components, 
on the number of "1's in the inserted pattern. Meanwhile, when NRZI modulating the sequence of the 
On the other hand, the sequence of (d, k) coded informa (d, k) coded information for recording on e.g. an optical disc, 

tion A is interlaced at the pre-set intervals of Tcode bits with it is preferred for the sake of recording density that the 
patterns each having a length of 2 (d+1) bits and is subse- length between transitions T f the recorded 
quently NRZI modulated to output DSV controlled coded munimum leng eWee p min o e 
information. In this manner, the DSV of the modulated waveform be longer, that is that the minimum run d be 
coded information may be controlled based on the number larger, while it is preferred from the standpoint of clock 
of “1”s in the inserted pattern. Besides, with the sequence of 15 reproduction or so-called jitter that the maximum length 
coded information B interlaced with the patterns satisfying between transitions T be shorter, that is that the maxi 
ERSE" muruk be lesser CO 

Besides, by setting the pre-set interval of T bits so as The above-mentioned EFM, for example, is the (2, 10, 8, 
to be inversely proportional to the low-range"Cut-off Fre-20 17: 1) code and, with the bit-to-bit interval Tof the recording 
quency f, the DSV control characteristics may be adapted waveform, the minimum length between transitions T. 
to demands raised by the transmission system. That is, the and the maximum length between transitions T are 3T 
increase in redundancy may be suppressed to a necessary and 11T, respectively. With the above-mentioned (4, 22, 2, 
minimum value. In other words, DSV-related constraint 5; 5) code, the minimum length between transitions T and 
conditions in code designing may be eliminated to enable 25 the maximum length between transitions Ta are 5T and 
thSE" N.E.", "A be designed sy, h 2.3T, respectively. That, is, with the (4, 22; 2,5; 5) code, the 

so, by employing three different patterns, with the minimum distance between transitions T is selected to be 
number of its of 0, 1 and 2, the increase in redundancy may longer than with EFM for improving the recording densit 
be suppressed to a required minimum. H 9. h p h b g ing T y. 
By summing the DSy upstream of the presently inserted owever, the maximum length between transitions, T. 

pattern b to the sum of the sequence of coded information with the (4, 22; 5, 5; 5) code becomes longer. Thus the (4, 
a between the pattern b and the pattern b to be inserted 18; 2,5; 6) code and the (4, 19; 2,5; 5) code, having the 
next time, and by selectively inserting one of the three same minimum length between transitions T and having 
patterns so as to give the least absolute sum value, the DSV the maximum length between transitions T equal to 19 
may be changed significantly by employing the patterns of and 20, respectively, have been proposed, as shown in Tables 
shorter length. 3 and 4. 

TABLE 3 

data words code words 

ise1 10000 
10 01.000 
O1 00:00 

ir O011 OOO10 00000 
0.010 0000 0000 
10. 00000 0000 

i. 00011 0000 00010 00000 
000110 0000 00001 00000 
000101 00001 00001 00000 
O00100 00000 00010 00000 
000011 00000 00001 00000 

itA 00001011 00010 00010 0000 00000 
00001010 00010 0000 : 00001 00000 
OOOOOO1 0000 00001 00001 00000 
0000000 0000 00001 00000 00000 
0000011 00000 0000 00010 00000 
00000110 00000 OOO10 0000 00000 
00000101 00000 OOOO1 00001 00000 
00000100 00000 00000 0000 OOOO 

is: 000000111 01.000 00000 00000 00010 00000 
0000001110 O1000 00000 00000 00001 00000 
0000001101 00100 00000 00000 OOO10 00000 
0000001100 OO100 00000 00000 00001 00000 
00000001 00010 0000 OOO10 0000 00000 
000000010 0000 0000 00010 00001 00000 
0000001001 0000 OOO10 0000 00001 00000 
0000001000 0000 00001 00001 0000 00000 
000000011 00001 00001 00001 0000 00000 
0000000110 00000 OOO10 00010 00010 00000 
OOOOOOOO1 00000 00:010 00010 00001 00000 
000000000 00000 00010 00001 00001 00000 
0000000011 00000 0000 00001 00001 00000 
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TABLE 3-continued 

data words code words 

0000000010 00000 00000 00100 00010 00000 
0000000001 00000 00000 00100 00001 00000 

i= 00000000001 00:010 0000 00010 00010 00010 00000 
000000000010 00010 0000 00010 0000 0000 00000 
000000000001 00010 0000 0000 00001 00001 00000 
000000000000 00010 0000 00001 00001 00001 00000 

ASYNC 9T 17T 14bit 
BSYNC 18T 19T 13bit 

namely the even "1" number group patterns having the 
TABLE 4 is number of "1"s of inverting the logical state downstream of 

data words code words the inserted patterns equal to 1, referred to herein as the 
inverting pattern, and the odd "1" number group pattern 

is Fo O3 having the number of "1's of not inverting the logical state 
O1 0000 equal to 0 or 2, referred to herein as non-inverting pattern, 

i=2 0.011 0.0010 00000 20 are employed, as in the previous embodiment. However, the 
8. 00001 g: patterns are determined in the present embodiment based on 

i= 00011 : 00010 00000 (d+1) bits before and after the pattern insert10. 
0.00110 0.0010 00001 00000 The pattern generating circuit 12 is made up of a DSV 
000101 00001 00001 00000 calculating circuit 12a for calculating the DSV value, a 
ge : 8. : direct-preceding and direct-succeeding bit processing circuit 

i-4 00001011 00010 00010 00010 00000 12b for storing the (d+1) bits before and after pattern 
0000100 00010 00010 0000 00000 insertion, and a pattern decision circuit 12c for summing the 
00001001 00010 00001 0000 00000 DSV upstream of the presently inserted pattern to the DSV 
00001000 0000 00001 0000 00000 fth d b h ly i d 
00000111 00000 0000 00010 00000 one code sequence etween the presently inserted pattern 
00000110 00000 0000 0000 00000 and the pattern inserted next time, as supplied from the DSV 
8. 00000 0000 8. calculating circuit 12a, and selecting the pattern based on the 

1 00000 00000 OO 0000 w a 
00000011 00000 00000 00010 0000 S. pits stored in the circuit 12b, as shown for example in 

i-5 0000001101 00010 0000 00010 00010 00000 8 
0000001010 0000 00010 00010 00001 00000 The pattern decision circuit 12c selects the pattern using 
0000001001 0000 00010 00001 00001 00000 35 the directly succeeding (d+1) bits if "l's are not present in 
8. 8. : 8. : : the (d+1) bits immediately before the pattern insertion and 
0000000110 00000 00010 0000 00010 00000 "l's are present in the immediately succeeding (d+1) bits, 
0000000101 00000 00010 00001 00001 00000 while selecting the pattern using the directly succeeding 
0000000100 00000 00010 00001 00001 00000 (d+1) bits if "1's are present in the (d+1) bits immediately 
8: 00000 00001 8, : : before the pattern insertion and "1's are not present in the 
000000000 00000 00000 00100 00001 00000 immediately succeeding (d+1) bits. 
0000000000 00000 00000 00010 00001 00000 

ASYNC 20T 9T 11bit TABLE 5 
BSYNC 9T 18T 13bit 

45 directly directly upper(d+1) lower(d+1) 
a preceding following bits of bits of 

In the above Tables 3 and 4, the bits indicated by asterisks (d+1)bits (d+1)bits pattern pattern 
* are indefinite bits to be determined by the number of 
succeeding or preceding "0's. all '0' all 'O' all '0' (d1)th bit 

It is noted that, if the above-described embodiment con- all '0' "' present direct t '0" 
cerning the (4, 22; 2,5; 5) code is directly applied to the (4, 50 p Following 
18; 2, 5; 6) or (4, 19; 2, 5; 5) codes, it may occur that, (d+1)bits 
depending on the pattern inserting positions, the coding rule "1" present a 'O' all '0' directly 
concerning the maximum run length k (the maximum length preceding 
between transitions) cannot be satisfied. For example, if, in "1" present "l" present all '0' SE s 
the (4, 18; 2,5; 6) code, the data is "0011 00000100', the 55 11" 
sequence of coded information becomes "0001000000 
000000000001000000'. If the above-mentioned odd '1' 
number group pat-tern of "0000100000" is inserted between TABLE 6 
the lower 10th and the 11th bits of the sequence of coded 
information A for inverting the downstream side logical 60 E. E. r(d+1)bit sh) 

- CeCe. OOW lobe 1S 1S O state, the maximum length between transitions T. +1)th (d+1)th yatter pattern 
becomes 21T, thus not satisfying the coding rule. The 
algorithm which may be employed both for the (4, 18; 2,5; all '0' all 'O' satisfies "d" and includes 
6) code and the (4, 19; 2, 5; 5) code will be hereinafter syst is 99. two "l's 
explained 65 all "0 1" present directly directly 
p following(d+1) following 
For these (4, 18; 2,5; 6) code and the (4, 19; 2,5; 5) codes, bits (d+1)bits 

three different patterns having the number of 0, 1 and 2, 
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TABLE 6-continued 

directly directly lower(d+1) 
preceding following upper(d+1)bits bits of 
(d+1)th bit (d+1)th bit of pattern pattern 

"1" present all "O" directly directly 
preceding(d+1) following 
bits (d+1) bits 

"1" present "1" present directly directly 
preceding(d+1) following 
bits (d+1)bits 

Specifically, as shown in the above Tables 5 and 6, if"1's 
are not present in the (d+1) bits immediately before pattern 
insertion nor in the (d+1) bits immediately after pattern 
insertion, the pattern is the first inverting pattern in which 
only the (d+1)th bit counted from the lower most bit as the 
first bit is "1" or the first non-inverting pattern having two 
"1" and satisfying the coding rule of the (d, k) code, 
whereas, if "1" is not contained in the immediately preced 
ing (d+1) bits and "1" is present in the immediately suc 
ceeding (d+1) bits, the pattern is the second inverting bit 
having its upper (d+1) bits equal to the immediately suc 
ceeding (d+1) bits and its lower (d+1) bits all equal to 0, or 
the second non-inverting pattern made up of the immedi 
ately succeeding (d+1) bits repeated twice. On the other 
hand, if "1" is present in the immediately preceding (d+1) 
bits and "1" is not present in the immediately succeeding 
(d+1)bits, the pattern is the third inverting pattern having its 
upper (d+1) bits all 0 and having its lower (d+1) bits equal 
to the immediately preceding (d+1) bits or the third non 
inverting pattern made up of the immediately preceding 
(d+1) bits repeated twice and, if "1" is contained in each of 
the immediately preceding and immediately succeeding 
(d+1)bits, the patternis the first inverting patternor the all-0 
fourth inverting pattern. 

That is, if, for the (4, 18; 2,5; 6) code or the (4, 2,5; 5) 
code having the minimum run dequal to 4, the 5 (= 4-1-1) bits 
directly before and directly after the pattern insertion is 
"00000", thus without "1", the pattern is the first inverting 
pattern in which the only fifth or the (4+ 1)st bit, as counted 
from the lower most bit (LSB) as the first bit, is '1', that is 
a pattern "0000010000" or the first non-inverting pattern 
having two "1's and satisfying the condition of d=4, such as 
the patterns "0010000100” or "0100001000". 

If "1" is not present in the directly preceding five bits and 
present in the directly succeeding five bits, the pattern is set 
to the second non-inverting pattern having its upper five bits 
equal to the directly succeeding five bits and having its lower 
five bits of "00000", or the second non-inverting pattern 
made up of the directly succeeding five bits repeated twice. 

If "1" is present in the directly preceding five bits and not 
present in the directly succeeding five bits, the pattern is set 
to the third non-inverting pattern having its upper five bits 
equal to "00000" and having its lower five bits equal to the 
directly preceding five bits, or the third non-inverting pattern 
having the directly preceding five bits repeated twice. 

If "1" is present in each of the directly previous five bits 
and the directly succeeding five bits, the pattern is set to the 
first inverting pattern equal to "0000010000" or the fourth 
non-inverting pattern made up of the same bits as the 
directly preceding five bits and directly following five bits. 
If the condition shown by the equation 4 is satisfied, the 
fourth non-inverting pattern may be set to "0000000000". 

2 (2d-1)sk Equation 4 

Besides, if the condition shown by the following equation 
5 holds, the fourth inverting pattern may be set based on 
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16 
x bits before and after the pattern insertion, shown by the 
equations 6 and 7. 

2dkk<2 (2d-1) Equation 5 

Ford as an even number, 

x-d/2 Equation 6 

Ford as an odd number, 

x=(2d-1)/2 Equation 7. 

Specifically, if "1" is not present inx bits directly before 
and directly after the pattern insertion, the fourth inverting 
pattern is so set that the (x+1)th bit as counted from the left 
end (MSB side end) of the upper (d+1) bits is set to 1 and 
the (x+1)th bit as counted from the left end of the lower 
(d+1) bits is set to 1, as shown in the following Table 7. For 
example, if, for d=4 as mentioned above and directly pre 
ceding and directly succeeding 2 (=4/2) bits are both "00", 
the fourth inverting pattern is set to "0010000100'. 

TABLE 7 

directly directly upper (d+1) lower (d+1) 
preceding following bits of bits of 
x bits x bits pattern pattern 

all "O" all '0' (x+1)th bit (x+1)th bit 
from left is from left is 
a 1" is1” 

all '0' yth bit from yth bit from yth bit from 
left is "1" left is "1" left is "1" 

zth bit from all '0' zth bit from zth bit from 
right is "1" right is "1" right is "1" 

If "1" is not present in the immediately preceding x bits 
and the yth bit as counted from the left end of the immedi 
ately succeeding x bits is 1, the fourth non-inverting pattern 
is so set that the yth bit as counted from the left end of the 
upper (d+1) bits is 1 and the yth bit as counted from the left 
end of the lower (d+1) bits is 1. For example, if the pattern 
is directly preceded by two bits of "00" and directly fol 
lowed by two bits of "01", y is equal to 2 such that the fourth 
inverting pattern becomes "0100001000'. If, on the other 
hand, the pattern is directly preceded by two bits of "00" and 
directly followed by two bits of "10", y is equal to 1 such 
that the fourth inverting pattern becomes “1000010000". 

If the zith bit as counted from the right end (LSB side) of 
the immediately previous x bits is 1 and 1 is not present in 
the immediately succeeding x bits, the fourth non-inverting 
pattern is so set that the zith bit as counted from the right end 
of the upper (d+1) bits is 1 and the zith bit as counted from 
the right end of the lower (d+1)bits is 1. For example, if the 
pattern is directly preceded by two bit of "01" and directly 
followed by two bits of "00", Z becomes equal to 1 such that 
the fourth inverting pattern becomes "0000100001'. On the 
other hand, if the pattern is directly preceded by two bit of 
"10" and directly followed by two bits of "00", Z becomes 
equal to 2 such that the fourth inverting pattern becomes 
“0001000010'. 
A concrete example in which the above-mentioned algo 

rithm is adapted to RLL (2,7) modulation is hereinafter 
explained. 

If 3 (=2+1) bits directly before and after the pattern 
insertion are "000", that is free of 1, the pattern is set to the 
first inverting pattern in which only the third (=2+1th) bit as 
counted from the LSB as the first bit is 1, or a pattern 
"000100” or the first non-inverting pattern having at least 
two "1's and satisfying the condition of d=2, such as 
patterns "010010”, “100100” or "001001'. 
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If I is not present in immediately preceding three bit, and 
1 is present in immediately succeeding three bits, the pattern 
is set to the second inverting pattern having its Upper three 
bits equal to the immediately succeeding three bits and 
having its lower three bits equal to "000", or the second 
non-inverting pattern composed of the same bits as the 
directly following three bits repeated twice. 

If 1 is present in immediately preceding three bit, and 1 
is not present in immediately succeeding three bits, the 
pattern is set to the third inverting pattern having its upper 
three bits equal to "000” and having its lower three bits equal 
to immediately previous three bits, or the third non-inverting 
pattern composed of the same bits as the directly preceding 
three bits. 

If 1 is present in both the directly preceding three bits and 
the directly succeeding three bits, the patternis set to the first 
inverting pattern which is "00100" or the fourth non 
inverting pattern made up of the same bits as the directly 
preceding three bits and the directly following three bits. 
Meanwhile, since the condition shown by the equation 4 is 
not valid with the present RLL (2,7) modulation, the pattern 
"000000" cannot be employed. 

However, since the condition shown by the equation 5 is 
valid, the fourth inverting pattern may be set based on the 1 
(=2/2) bit before and after the pattern insertion. That is, if the 
pattern is directly preceded by one bit “0” and directly 
followed by one bit "0", the fourth non-inverting pattern is 
Set to 'O10010'. 

If the pattern is directly preceded by one bit "0" and 
directly followed by one bit "1', y becomes equal to 1 such 
that the fourth non-inverting pattern is "100100'. 

For example, if the pattern is directly preceded by one bit 
“1” and directly followed by one bit "0", Z becomes equal 
to 1 such that the fourth non-inverting pattern is "001001'. 
The pattern decision circuit 12c sums the DSV upstream 

of the presently inserted pattern b and the DSV of the 
sequence of coded information between the pattern band a 
pattern b to be inserted next time and selects one of the 
above-defined inverting and non-inverting patterns which 
will minimize the absolute sum value to transmit the 
selected pattern to the pattern inserting circuit 13. The 
pattern inserting circuit inserts the selected patterns at the 
pre-set intervals of T. Meanwhile, the pro-set interval of 
T may be of an arbitrary value, such as 320T of channel 
bits. 

Thus, when inserting patterns each having a length of 2 
(d+1) bits at a pro-set interval of T bits into the sequence 
of (d, k) coded information, and NRZI modulating the 
sequence of the code information interlaced with the pat 
terns B for outputting the DSV controlled modulated coded 
information, the patterns may be selected on the basis of the 
(d+1) bits preceding and succeeding the pattern insertion 
and the minimum length between transitions T may be 
increased for improving e.g. the recording density of the 
recording medium. 

It is to be noted that the present invention is not limited 
to the above-described illustrative embodiments and may be 
applied to, for example, so-called synchronizing signals. 
Specifically, in the (4, 22, 2, 5; 5) code, for example, two 
different, synchronizing signals, namely a synchronizing 
signal which is composed of 50 bits of 23T, 21T and 6T and 
in which three transitions occur (ASYNC), and a synchro 
nizing signal which is composed of 50 bits of 21T, 23T and 
6T and in which three transitions occur (BSYNC), as shown 
in Table 2, are employed. On the (4, 18; 2,5; 6) code, for 
example, two different, synchronizing signals composed of 
50 bits of 19T., 17T and 14 bits and in which four transitions 
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occur (ASYNC), and a synchronizing signal in which three 
transitions occur and which is composed of 21T,23T and 6T 
(BSYNC), as shown in Table 3, are employed. On the other 
hand, in the (4, 19; 2,5; 5) code, for example, two synchro 
nizing signals composed of 50 bits of 20T, 19T and 11 bits 
and having four transitions (ASYNC) and a synchronizing 
signal having four transitions and made up of 19T, 18T and 
13 bits (BSYNC), are employed. The selected pattern is 
inserted into 2 (d+1)=10 bits following these synchronizing 
signals in accordance with the above-described algorithm 
for DSV control. 

Effect of the Invention 

It will be appreciated from the foregoing that, in accor 
dance with the present invention, by inserting patterns each 
having a pre-set length into the sequence of coded informa 
tion at a pre-set interval and subsequently NRZI modulating 
the sequence interlaced with the patterns for outputting the 
DSV controlled modulated coded information, the DSW of 
the modulated coded information may be controlled on the 
basis of the number of inserted "1's. 

Also, by inserting the patterns each having a length equal 
to 2 (d+1) bits into the sequence of (d, k) coded information 
at a pre-set interval, NRZI modulating the resulting 
sequence of coded information interlaced with the patterns, 
and outputting the sequence of the DSV controlled modu 
lated coded information, the DSW of the modulated coded 
information may be controlled on the basis of the number of 
inserted "1's, while the pattern length may be minimized 
and the redundancy may be prevented from being increased, 
with the pattern-interlaced sequence of the coded informa 
tion perpetually meeting the coding rule. 

Besides, by setting the pre-set interval so as to be 
inversely proportionate to the low-range cut-off frequency, 
the DSW control characteristics may be adapted to the 
demand raised by the transmission system. That is, the 
increase in redundancy may be suppressed to a necessary 
minimum value. In other word, DSV-related constraint con 
ditions in code designing may be eliminated to enable the 
optimum and versatile code to be designed easily. 
On the other hand, by employing the three patterns having 

the number of "1's of 0, 1 and 2, the increase in redundancy 
may be suppressed to a necessary minimum value. 
By summing the DSV upstream of the currently inserted 

pattern to the DSV of the sequence of coded information 
between the currently inserted pattern and the pattern to be 
inserted next, and by selectively inserting one of the three 
different patterns which will diminish the absolute value of 
the sum to a minimum, the DSV may be changed signifi 
cantly by the patterns of shorter lengths. 
By reproducing the pattern-interlaced sequence of coded 

information by NRZI demodulating the modulated coded 
information, and by removing the patterns from the pattern 
interlaced sequence of coded information for reproducing 
the sequence of original coded information, playback may 
be achieved in a manner free from errors ascribable to dc 
components. 

Besides, when inserting patterns each having a length of 
2 (d+1) bits at a pre-set interval into the sequence of (d, k) 
coded information, and NRZI modulating the sequence of 
the code information interlaced with the patterns for out 
putting the DSV controlled modulated coded information, 
the patterns may be selected on the basis of the (d+1) bits 
before and after the pattern insertion, such that DSV control 
may be realized while the coding rule remains satisfied. 



5,506,581 
19 

Also, by employing (d+1) bits before and after the pattern 
insertion, the frequency of occurrence of the minimum 
length between transitions T may be increased, as a result 
of which the recording density of the recording medium may 
be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block view illustrating the essential portions of 
the circuit arrangement of a modulating device according to 
the present invention. 

FIG. 2 is a timing chart got illustrating the operating 
principle of the modulating device shown in FIG. 1. 

FIG. 3 shows low-frequency characteristics of the modu 
lated coded information when the (2, 22, 2, 5; 5) code is 
employed. 

FIG. 4 shows low-frequency characteristics of the modu 
lated coded information when the RLL (2,7) modulation is 
employed. 

FIG. 5 is a block view showing essential portions of the 
circuit arrangement of a demodulating device according to 
the present invention. 

FIG. 6 is a block view showing a concrete circuit arrange 
ment of a pattern generating circuit of the modulating device 
shown in FIG. 1. 

Explanation of Numerals 
11-encoding circuit; 12-pattern generating circuit, 

12a-DSV calculating circuit; 12b-directly-previous and 
directly-following bit processing circuit; 12c-pattern deci 
sion circuit; 13-pattern inserting circuit; 14-modulating 
circuit; 15-timing control circuit; 21- demodulating cir 
cuit; 22-pattern removing circuit; 23 - decoding circuit; 
25-timing control circuit. 
What is claimed is: 
1. A modulating method, comprising the steps of: 
inserting patterns each having a pre-set length into a 

sequence of coded information at a pre-set interval; and 
NRZI modulating the sequence of coded information 

interlaced with the patterns for outputting the DSV 
controlled modulated code, 

NRZI modulating the sequence of coded information 
interlaced with the patterns for outputting the DSV 
controlled modulated code, wherein the pre-set interval 
is of a value inversely proportional to a low-range 
cut-off frequency of the NRZI modulated sequence of 
coded information, 

2. The modulating method as claimed in claim 1, wherein 
said patterns comprise three different patterns, that is a 
pattern with 0 "1", a pattern with 1 “1” and a pattern with 
2 “1's. 

3. The modulating method as claimed in claim 2, further 
comprising the steps of: 
Summing the DSV upstream of a currently inserted pat 

tern to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selectively inserting one of said three different patterns 
which will give the smallest absolute sum value. 

4. A modulating method, comprising the steps of: 
inserting a pattern having a length equal to 2 (d+1) bits at 

a pre-set interval into a sequence of (d, k) coded 
information; and 
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NRZI modulating the sequence of (d, k) coded informa 

tion interlaced with said patterns for outputting the 
DSV controlled modulated coded information. 

5. The modulating method as claimed in claim 4, wherein 
said pre-set interval is of a value inversely proportional to a 
low-range cut-off frequency of the modulated coded infor 
mation. 

6. The modulating method as claimed in claim 5, wherein 
said patterns comprise three different patterns, that is a 
pattern with 0 “1”, a pattern with 1 “1” and a pattern with 
2 “1's. 

7. The modulating method as claimed in claim 6, further 
comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selectively inserting one of said three different patterns 
which will give the smallest absolute sum value. 

8. The modulating method as claimed in claim 4, wherein 
said patterns comprise three different patterns, that is a 
pattern with 0 "1", a pattern with 1 “1” and a pattern with 
21's. 

9. The modulating method as claimed in claim 8, further 
comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSW of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selectively inserting one of said three different patterns 
which will give the smallest absolute sum value. 

10. A modulating device, comprising: 
pattern inserting means for inserting patterns each being 

of a pre-set length into a sequence of coded informa 
tion, and 

modulating means for NRZI modulating the sequence of 
coded information interlaced with the patterns from 
said pattern inserting means, 

said modulating means outputting the sequence of DSV 
controlled modulated coded information, wherein said 
pattern inserting means insert the patterns at a pre-set 
interval inversely proportional to a low-range cut-off 
frequency of said NRZI modulated sequence of coded 
information. 

11. The modulating device as claimed in claim 10, 
wherein said pattern inserting means select and insert one of 
three different patterns, that is a pattern with 0 "1", a pattern 
with 1 “1” and a pattern with 2 “1's. 

12. The modulating device as claimed in claim 11, further 
comprising: 

control means for causing said pattern inserting means to 
sum the DSV upstream of a currently inserted pattern 
to the DSV of a sequence of coded information between 
the currently inserted pattern and a pattern to be 
inserted next time and to selectively insert one of said 
three different patterns which will give the smallest 
absolute sum value. 

13. A modulating device, comprising: 
pattern inserting means for inserting patterns each being 

of a length equal to 2(d+1) bits into a sequence of (d, 
k) coded information at a pre-set interval, and 

modulating means for NRZI modulating the sequence of 
(d, k) coded information interlaced with the patterns 
from said pattern inserting means, 

said modulating means outputting the DSV controlled 
modulated coded information. 
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14. The modulating device as claimed in claim 13, 
wherein said pattern inserting means insert the patterns at a 
pre-set interval inversely proportional to a low-range cut-off 
frequency of said modulated code information. 

15. The modulating device as claimed in claim 14, 
wherein said pattern inserting means select and insert one of 
a pattern with 0 "1", a pattern with 1 "1" and a pattern with 
21's. 

16. The modulating device as claimed in claim 15, further 
comprising: 

control means for causing said pattern inserting means to 
sum the DSV upstream of a currently inserted pattern 
to the DSV of a sequence of coded information between 
the currently inserted pattern and a pattern to be 
inserted next time and to selectively insert one of said 
three different patterns which will give the smallest 
absolute sum value. 

17. The modulating device as claimed in claim 13, 
wherein said pattern inserting means select and insert one of 
a pattern with 0“1”, a pattern with 1 “1” and a pattern with 
2 “1's. 

18. The modulating device as claimed in claim 17, further 
comprising: 

control means for causing said pattern inserting means to 
sum the DSV upstream of a currently inserted pattern 
to the DSV of a sequence of coded information between 
the currently inserted pattern and a pattern to be 
inserted next time and to selectively insert one of said 
three different patterns which will give the smallest 
absolute sum value. 

19. A modulating method, comprising the steps of: 
inserting patterns each being of a length equal to 2 (d+1) 

bits into a sequence of (d, k) coded information at a 
preset interval, NRZI modulating the sequence of (d, k) 
coded information interlaced with the patterns from 
said pattern inserting means; and 

outputting the sequence of DSV controlled modulated 
coded information, 

said patterns being selected on the basis of (d+1) bits 
preceding and following insertion of said patterns. 

20. The modulating method as claimed in claim 19, 
further comprising the steps of: 

selecting said patterns on the basis of (d+1) bits directly 
following the pattern if 1 is not present in (d+1) bits 
directly preceding the insertion of said patterns and 1 is 
present in the (d+ 1) bits directly following the inser 
tion of said patterns, and 

selecting said patterns on the basis of the (d+1) bits 
directly preceding the pattern if 1 is present in the (d+1) 
bits directly preceding the insertion of said patterns and 
1 is not present in the (d+ 1) bits directly following the 
insertion of said patterns. 

21. The modulating method as claimed in claim 20, 
wherein 

if 1 is not present in the (d+1) bits immediately preceding 
the inserted pattern nor in the (d+1) bits immediately 
following the inserted pattern, said pattern is set to a 
first inverting pattern in which only the (d+1)th bit as 
counted from the least significant bit as the first bit is 
1 or to a first non-inverting pattern having two "1's and 
satisfying the coding rule of said (d, k) code, 

if 1 is not present in the immediately preceding (d+1) bits 
and 1 is present in the immediately following (d+1) 
bits, said pattern is set to a second inverting pattern 
having its upper (d+1) bits equal to said immediately 
preceding (d+1) bits and having its lower (d+1) bits all 
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0, or to a second non-inverting pattern in which said 
immediately following (d+1) bits are repeated twice, 

if 1 is present in the immediately preceding (d+1)bits and 
1 is not presentin the immediately following (d+1)bits, 
said pattern is set to a third inverting pattern having its 
upper (d+1) bits all 0 and having its lower (d+1) bits 
equal to said immediately preceding (d+1) bits or to a 
third non-inverting pattern in which said immediately 
preceding (d+1) bits are repeated twice, and 

if 1 is presentin both of said immediately preceding (d+1) 
bits and said immediately following (d+1) bits, said 
pattern is set to said first inverting pattern or a fourth 
non-inverting pattern consisting of said immediately 
preceding (d+1) bits and said immediately following 
(d+1) bits. 

22. The modulating method as claimed in claim 21 
wherein, if the relation 2dkk(2d-1) holds, said fourth 
non-inverting pattern is selected on the basis of d/2 bits, d 
being an even number, preceding and following the insertion 
of said pattern, or (d+1)/2 bits, d being an odd number, 
preceding and following the insertion of said pattern. 

23. The modulating method as claimed in claim 22, 
further comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selecting said inverting patterns or said noninverting 
patterns so that the absolute sum value becomes the 
least. 

24. The modulating method as claimed in claim 21, 
further comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSW of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selecting said inverting patterns or said noninverting 
patterns so that the absolute sum value becomes the 
least. 

25. The modulating method as claimed in claim 19, 
wherein 

if 1 is not present in the (d+1)bits immediately preceding 
the inserted pattern nor in the (d+1) bits immediately 
following the inserted pattern, said pattern is set to a 
first inverting pattern in which only the (d+1)th bit as 
counted from the least significant bit as the first bit is 
1 or to a first non-inverting pattern having two "1's and 
satisfying the coding rule of said (d, k) code, 

if 1 is not present in the immediately preceding (d+1) bits 
and 1 is present in the immediately following (d+1) 
bits, said pattern is set to a second inverting pattern 
having its upper (d+1) bits equal to said immediately 
following (d+1) bits and having its lower (d+1) bits all 
0, or to a second non-inverting pattern in which said 
immediately following (d+1) bits are repeated twice, 

if 1 is present in the immediately preceding (d+1)bits and 
1 is not present in the immediately following (d+1) bits, 
said pattern is set to a third inverting pattern having its 
upper (d+1) bits all 0 and having its lower (d+1) bits 
equal to said immediately preceding (d+1) bits or to a 
third non-inverting pattern in which said immediately 
preceding (d+1) bits are repeated twice, and 

if 1 is presentin both of said immediately preceding (d+1) 
bits and said immediately following (d+1) bits, said 
pattern is set to said first inverting pattern or a fourth 
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non-inverting pattern consisting of said immediately 
preceding (d+1) bits and said immediately following 
(d+1) bits. 

26. The modulating method as claimed in claim 25 
wherein, if the relation 2dkk<(2d-1) holds, said fourth 
non-inverting pattern is selected on the basis of d/2 bits, d 
being an even number, preceding and following the insertion 
of said pattern, or (d+1)/2 bits, d being an odd number, 
preceding and following the insertion of said pattern. 

27. The modulating method as claimed in claim 26, 
further comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time; and 

selecting said inverting patterns or said non-inverting 
patterns so that the absolute sum value becomes the 
least. 

28. The modulating method as claimed in claim 25, 
further comprising the steps of: 
summing the DSV upstream of a currently inserted pat 

tern to the DSV of a sequence of coded information 
between the currently inserted pattern and a pattern to 
be inserted next time, and 

selecting said inverting patterns or said non-inverting 
patterns so that the absolute sum value becomes the 
least. 

29. A demodulating device, comprising: 
demodulating means supplied with a sequence of modu 

lated coded information, said sequence of modulated 
coded information having been interlaced with patterns 
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at a pre-set interval inversely proportional to a low 
range cut-off frequency of the sequence of modulated 
coded information, and subsequently NRZI modulated 
with DSV control, said patterns being each of a pre-set 
length, said demodulating means NRZI demodulating 
said sequence of modulated coded information and 
reproducing said sequence of coded information inter 
laced with the patterns; and 

pattern removing means for removing the patterns from 
the sequence of coded information interlaced with said 
patterns from said demodulating means for reproducing 
the original sequence of coded information. 

30. A demodulating method for demodulating a sequence 
of modulated coded information, said sequence of modu 
lated coded information having been interlaced with patterns 
at a pre-set interval inversely proportional to a low-range 
cut-off frequency of the sequence of modulated coded 
information, and subsequently NRZI modulated with DSV 
control, said patterns being each of a pre-set length, com 
prising the steps of: 

demodulating said sequence of modulated coded infor 
mation and reproducing said sequence of coded infor 
mation interlaced with the patterns; and 

removing the patterns from the sequence of coded infor 
mation interlaced with said patterns from said demodu 
lating means for reproducing the original sequence of 
coded information. 
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